what is known and what this paper adds: Reviews of male subfertility often highlight how aspects of men's adult lifestyle can significantly increase their risk of subfertility but the strength of supporting evidence is weak. In this study, although low MSC was associated with a history of testicular surgery, being in manual work, not wearing loose underwear and black ethnicity, no relation was found to consumption of alcohol, use of tobacco or recreational drugs or high body mass index (BMI). These results suggest that delaying assisted conception to make changes to lifestyle is unlikely to enhance conception.
Introduction
Reviews of male subfertility often highlight how aspects of men's adult lifestyle can significantly increase their risk of subfertility (Sadeu et al., 2010; Li et al., 2011) . The American Urological Association found insufficient data on outcomes to support an evidence-based guideline but its best practice statement for the evaluation of the infertile male recommends reviewing lifestyle exposures (American Urological Association Education and Research, Inc., 2010) . The UK National Institute for Clinical Excellence suggests that when giving advice to infertile men, clinicians consider their occupation and five potentially modifiable lifestyle factors that are thought to increase the risk of poor semen quality (National Collaborating Centre for Women's and Children 's Health, 2004) . These include excessive alcohol intake and cigarette smoking, the wearing of tight underwear, having a body mass index (BMI) of .29 and the use of recreational drugs (such as anabolic steroids and cocaine). However, the data underpinning much of this advice is often contradictory and consequently the strength of evidence is relatively weak (National Collaborating Centre for Women's and Children 's Health, 2004) .
Recently, there have been important insights into how maternal lifestyle choices around conception and while pregnant may affect future (adult) fertility of a male fetus, for example, prenatal exposure to gonadotoxic agents (e.g. cigarette smoking during pregnancy) can reduce the adult semen quality of any sons born (Ramlau et al., 2007; Sharpe, 2010) . However, our understanding of how the lifestyle choices of adult men themselves might impact on their fertility remains uncertain and often contradictory (Sharpe, 2010) . Therefore, to increase our knowledge in this area we examined lifestyle data of men recruited to the large multicentre Chemical and Pregnancy Study (Chaps-uk; Cherry et al., 2008) and used it to examine reportedly important (and potentially reversible) lifestyle risks for poor semen quality.
Methods

Design and recruitment
Chaps-uk was a multicentre case-referent study in which cases and referents were male patients identified at their first visit to either a fertility or gynaecology clinic, or to an andrology laboratory for semen analysis or when a first appointment was made for a semen analysis. The study design and methods have been described elsewhere (Clyma, 2004; Cherry et al., 2008) . Briefly, men aged 18 or above were recruited from 14 fertility clinics across the UK during a 37-month period from 1 January 1999. They were potentially eligible to take part in the study if they had been attempting conception without success following at least 12 months of unprotected intercourse, the standard clinical definition for couple infertility (Zegers-Hochschild et al., 2009) . They also had to have no knowledge of the result of any semen analysis (i.e. to have had no previous analysis or the results of an analysis were not yet communicated): this criterion was included to remove the possibility of bias in response to questions on exposures and risk factors. Only those assessed by the interviewer to be able to understand English were included. Men were excluded if they had a known medical condition which could be the cause of their infertility (e.g. genetic conditions such as cystic fibrosis), or if they had ever undergone treatment that could be a cause of their infertility (e.g. chemotherapy). Men in couples where the infertility problem was due to previous sterilization (vasectomy or tubal ligation) were excluded.
If the man was recruited he was asked to complete at home a brief questionnaire on job history, lifestyle and health factors and was requested to abstain from ejaculation for a period of 3 -5 days (depending on the clinic) prior to the clinic visit. On presentation at the clinic for the first appointment following consent, the subject was interviewed to elaborate on existing information and to obtain additional information on the type of underwear and clothing worn by the patient, recreational drug use, fertility history, and, after December 1999, ethnic group, height and weight.
Collection and analysis of semen samples
Participants provided a semen sample for a diagnostic analysis as part of infertility investigations with their partner: this sample was also used for this study. The semen sample was collected into a standard plastic container and analysed according to a protocol based upon the techniques outlined by the World Health Organization (1999) as described previously (Cherry et al., 2008) .
The analyses were carried out in 12 andrology laboratories associated with 14 hospital clinics; each was a member of the semen analysis scheme of the UK National External Quality Assessment Service to provide external quality assurance. Sperm concentration was estimated at each site using a haemocytometer on a single dilution made in each laboratory at the time of semen analysis. Motility was captured on videotape using a computer out station commissioned for the study from Hobson Tracker Systems Limited, Sheffield, UK and returned to the central laboratory for analysis of sperm motility by computer-assisted sperm analysis (CASA). The proportion of motile sperm was calculated as the % of sperm moving forward at 5 mm/s or greater.
Case definition
The initial case definition, of ,12 × 10 6 /ml progressively motile sperm, was based on earlier studies of solvents and male fertility (Cherry et al., 2001 (Cherry et al., , 2008 . These were based on the WHO recommendations then in place for 'normal' sperm count (20 × 10 6 /ml) and motility (60%; World Health Organization, 1980). Motile sperm concentration (MSC) was strongly related to the period of abstinence since last ejaculation and a moving cut-off was subsequently adopted (Cherry et al., 2008) to ensure that the proportion defined as a case was the same in each abstinence group. In those with 3 day's abstinence, 41.8% had an MSC meeting the initial case definition. This percentage was used for the definition of a case in each abstinence group, resulting in a moving cut-off point on the MSC scale. The cut-off for those with 0 -2, 4, 5 and 6 or more days abstinence was then ,10.4, ,13.9, ,15.8 and ,17 .0 × 10 6 MSC, respectively (Cherry et al., 2008) .
Factors examined for relation to MSC
All information was by self-report, with no attempt made within the study to confirm the accuracy of health reports, for example report of a fever, mumps or a pelvic ultrasound or X-ray (pelvic imaging) or to correct interpretations ('pelvic' investigations may have included examinations of the abdomen or lower back, for example). Events believed to indicate an irreversible risk such as surgery to the testes (usually for cryptorchidism) or pelvic imaging or mumps were included in the analysis if they had occurred at any point prior to semen collection. More transient factors (fever, use of tobacco, alcohol and/or street drugs) were coded positive if they occurred during the 3-month window prior to sample collection. Other factors were taken as reported by the subject at the time of the interview (previous conceptions, age of subject and partner, work status and usual type of underwear). All demographic and lifestyle factors were categorized for analysis, either as a binary factor (ever surgery to the testes, usually wore boxer shorts) or using conventional breakpoints: WHO for BMI (World Health Organization, 2012), UK census for age and manual work (Office of Population Censuses and Surveys, 1990). For composite factors incorporating timing as well as occurrence, cut-points were taken that seemed biologically most plausible (mumps reported to have been in adolescence or later, fever lasting 14 days or more). Smoking tobacco and drinking alcohol were considered both as binary factors (ever/never within the 91 days prior to semen collection) and total consumption within that time window, grouped to reflect conventional boundaries for a man smoking or drinking throughout those 91 days (for example smoking ,910 cigarettes over 91 days or drinking ≤130 units of alcohol over 13 weeks).
Statistical methods
The data were collected from 14 clinics and analysed in 12 laboratories in 11 regional centres. The clustering of the data within 11 regions was captured using a multilevel logistic regression model (gllamm in Stata 9) with centre-specific random intercepts. Such analysis was carried out first for each factor independently, then in a single model with all factors. Subjects with one or more missing values on any factor other than BMI or ethnicity were excluded from the analysis. For BMI and ethnicity, where some 10% were missing because of the late addition of the information, a 'missing' category was included in the effect estimation. A final model was constructed with only those factors that added significantly (P , 0.05) to the gllamm regression with allowance for clustering.
Power
The power of the study depends on the prevalence of each risk factor in the population. The illustration here is for smoking. In 2000, 35% of men aged 20-49 in Britain smoked (Rickards et al., 2004) . It was calculated that, with 2300 subjects and a 2:1 ratio of controls, and a true relative risk (RR) of 1.3 for smoking, the study would have 81% power to find a statistically significant result using a two-tailed test (P , 0.05). 
Ethical approval
Results
Of the 11 680 men with an appointment for fertility investigations, 4257 (36.5%) men were eligible for the study. Two thousand two hundred and forty-nine were successfully recruited, took part in an interview and gave a semen sample. Of the remaining men, 572 did not attend their clinic appointment, 162 refused because they did not have the time (citing parking meters, for example), 30 refused because they felt that the study would be too stressful and 1168 refused without a reason. Semen analysis results were not obtained from 76 subjects who completed the rest of the study and these men have been excluded from the results reported here. Of those recruited, 68% were approached at a fertility or gynaecology clinic and 32% at an andrology laboratory. The initial case definition of ,12 × 10 6 /ml progressively motile sperm was met by 871 (38.7%) of these 2249 subjects. However, applying the revised threshold adopted for the study (reflecting abstinence before sample), 939 of the 2249 men were classified as cases.
In the initial analysis, after adjustment for centre, MSC was associated with nine factors. These included six non-modifiable factors (Table I ) associated with the personal characteristics of the man (ethnicity, previous conception), their health (having testes surgery or pelvic imaging, having mumps at the age of 13 or older, having a fever lasting 2 weeks or more in the 3 months prior to the semen analysis). The man's age and their partner's age were not significantly associated with risk of being a case.
There were three modifiable lifestyle and occupational exposures associated with low MSC namely being in manual work or not working, not wearing boxer shorts and not drinking alcohol in the 3 months prior to semen analysis (Table II) . Other potential modifiable risk factors such as BMI, cigarette smoking, use of street drugs or cannabis were not associated with risk.
Multivariable analyses
The associations between the nine putative risk factors (Tables I and  II ) and the risk of being a case were examined when all factors were in the same model. Only five factors then remained significantly associated with MSC, namely ethnicity, testes surgery, previous conception, manual work and the wearing of boxer shorts. Table III shows the risk associated with each individual factor after adjustment for centre and the other four variables in the multivariable model. In this analysis men of black ethnicity remained more likely than Caucasian men to be a case [odds ratio (OR) ¼ 1.99, 95% confidence interval (CI): 1.10, 3.63]. Similarly men who had undergone testes surgery were more likely to have low MSC (OR ¼ 2.39, 95% CI: 1.75, 3.28) as were men who were in manual work (OR ¼ 1.28, 95% CI: 1.07, 1.53) or were not working (OR ¼ 1.78, 95% CI: 1.22, 2.59). In contrast men who wore boxer shorts (OR ¼ 0.76, 95% CI: 0.64, 0.92) or who had a previous conception (OR ¼ 0.71, 95% CI: 0.60, 0.85) were less likely to be a case.
After adjustment for these five factors, the risk of being a case was reduced (but still .1.0) in those men who had had pelvic imaging (OR ¼ 1.19, 95% CI: 0.97, 1.46), mumps at 13 or older (OR ¼ 1.71, 95% CI: 0.94, 3.13) or a fever lasting for 2 weeks or more in the 3 months before semen analysis (OR ¼ 1.34, 95% CI: 0.98, 2.41).
The reduced risk associated with consuming alcohol in the 3 months prior to semen analysis was no longer significant after adjustment for centre and the other five risk factors (OR ¼ 0.85, 95% CI: 0.69, 1.05; Table IV ). However, in those men who had consumed over 3 months between 131 and 273 units of alcohol (i.e. .10 and ≤21 units/week) there remained evidence of a protective effect (OR ¼ 0.78, 95% CI: 0.61, 1.00; Table IV) .
Smoking within the 3 months prior to semen analysis was not associated with being a case (Table IV) : 36.2% of cases and 35.3% of referents had smoked during that time period (adjusted OR ¼ 0.96, 0.80, 1.16). There was no evidence of a dose -response relationship and those men who smoked ,910 cigarettes were less likely to be a case (OR ¼ 0.71, 95% CI: 0.51, 0.99). Although there was some suggestion that those who smoked between 910 and 1800 cigarettes during this time period were somewhat more likely to be a case (OR ¼ 1.20, 95% CI: 0.94, 1.55), this trend was not seen in the heaviest smokers (OR ¼ 0.99, 95% CI: 0.70, 1.19).
Discussion
The study identifies, using a case-referent analysis, demographic and social factors associated with low MSC in the male partners of couples presenting for fertility investigations. Only five factors were related to case status after adjustment for potential confounding factors, with men more likely to have low MSC if they had had a history of surgery to the testes; were of black ethnic origin or were in manual work (or not working at all). Conversely, men were less likely to be a case, and have higher MSC, if they wore boxer shorts or had a history of a previous conception.
Some of the identified risk factors are well recognized but others less so. We did not identify the reason for testicular surgery but undescended testicles, the most likely reason, is associated with reduced fertility (Virtanen et al., 2007) . A higher risk for those in manual work has been reported in a previous analysis of these data which is likely to be due, in part, to increased exposure to glycol ethers and other toxicants (Cherry et al., 2008) . However, after allowance for such exposures men in manual work remained at increased risk of low-motile sperm count, suggesting that there are other differences between manual and non-manual work that were not identified in this study. We were unable to identify any informative subgroups by analysis of occupational and industry codes. The high risk in those not working (students and the unemployed) is also not readily explained.
The lower risk of being a case in those usually wearing boxer shorts is consistent with some (Tiemessen et al., 1996) but not all previous studies (Munkelwitz and Gilbert, 1998) . The increased risk in men of black ethnicity is of interest, but the numbers are small and hence no strong conclusion can be reached. We find little evidence to suggest that smoking, excessive alcohol or recreational drug use or a high BMI alter MSC, although it remains possible that they affect fertility through some other mechanism (e.g. a high BMI may alter male fertility through changes in sex hormones; Hammoud et al., 2008) . A very low BMI appeared to carry risk as suggested previously (Jensen et al., 2004) but the small numbers in this study provide only weak supportive evidence.
The absence of effect of tobacco on MSC is consistent with some (Trummer et al., 2002; Swan et al., 2003; Li et al., 2009) but not all Eskenazi et al., 2003) previous studies. Reviews also reflect this uncertainty in that some (Marinelli et al., 2004; Sharpe, 2010) but not all (Vine, 1996; Li et al., 2011) reviews suggest that smoking has, at most, a limited effect on semen quality. This inconsistency may, in part, be explained by differences in data analysis in that few published studies adjust for confounders such as sexual abstinence. In the present study, the OR for the heaviest smokers suggested that the risk was effectively identical to those who did not smoke. Our results do not rule out small changes within the normal MSC range but the biological significance of such a reduction is uncertain and this is reflected in a recent statement from the Practice Committee of the American Society for Reproductive Medicine that the 'effect of smoking on male fertility is [more] difficult to discern' (Practice Committee of American Society for Reproductive Medicine, 2008b) .
In the univariate analysis there was no suggestion of any reduction in MSC by drinking alcohol, with drinkers if anything being protected, a finding that has previously been reported (Marinelli et al., 2004) . In the full model, the ORs were all ,1.00 (compared with those not reporting any alcohol use in the 91 days before semen analysis). In a study of non-smoking, non-drug using male alcoholics who had been drinking heavily for at least 5 days a week for at least a year and had been admitted to an addiction treatment centre, marked differences in sperm characteristics were found when compared with never drinking volunteers, suggesting prolonged and heavy drinking may affect fertility (Muthusami and Chinnaswamy, Lifestyle and motile sperm concentration 2005). Nevertheless, the mean MSC in these alcoholics was higher (15.8 million) than the cut-off of 12 million used in this paper.
In considering the potential implications of our findings, it is appropriate to consider first the methodological strengths of the design. Importantly, these data were collected from men in couples all of whom had failed to conceive after 12 months and from men who, at the time of the interview, did not know the result of their semen analysis. The data were therefore collected blind to outcome, and should not have been biased (with, for example, men with poor semen being more inclined to deny cigarette use than someone whose semen analysis appeared normal). Thus, although we have not validated reports (by measuring urinary cotinine, for example) and we must assume that some degree of misclassification exists, we can reasonably conclude that our findings do not result from differential misclassification. A second strength arises from the central assessment by CASA of semen samples in a single laboratory: there was no opportunity for collaboration centre errors arising from measurement techniques that have been well described (Pacey, 2006) . Third, this large, multicentre, study has the statistical power to uncover both small and large effects. The power of the study to detect an RR of 1.3, based on the observed numbers of cases and controls, was 84%, close to the anticipated figure and we are confident that, for example, cigarette smoking in the 3 months before the semen sample had little detrimental effect on MSC.
On the other hand, the study does have weaknesses. First, there may have been over-matching-the choice of a referent who was attending a fertility clinic will reduce the study power to identify exposures if these are also related to infertility by mechanisms other than MSC (e.g. effects on morphology). To investigate this, we carried out a sub-analysis (n ¼ 915) of those with information on tubal occlusion in the female partner (and where the fertility of the male may be assumed to be close to that of the normal population). The results of this sensitivity analysis did not alter conclusions from the study: in the stratum in which the partner's Fallopian tubes were not fully patent (n ¼ 212) smoking in the last 3 months, for example, was significantly less common in cases (28.2%) than in referents (47.8%). Second, the men in this study may not be representative of all men in couples with fertility problems. Although the participating couples were all being investigated with no financial cost, many low-income couples may choose not to undertake any investigation believing that they would subsequently be unable to afford treatment. Even among those attending the various clinics less than half met the study eligibility criteria and among those who did, two out of five were not recruited. We do not know how many of those who refused did so because they had a lifestyle they did not want subjected to investigation. This may have been rare, but we cannot dismiss it. Further, although the power of the study was sufficient to draw conclusions about common lifestyle choices it cannot comment on exposures that are perhaps rare and poorly reported: the finding that use of street drugs was unrelated to low MSC cannot be assumed to apply to all such drugs and all patterns of use. We cannot be certain either that all street drug use was reported. We also cannot rule out the possibility that men may have underestimated their exposure to certain lifestyle factors as they were aware that as a couple they were experiencing infertility. This (if present) would be more likely to impact on the power of the study than introduce bias; any underestimation would be unlikely to differ between cases and controls as case status was unknown before the questionnaire data were collected. The study would have been strengthened if there had been funds for exposure biomarkers (including those for tobacco, alcohol and drug use). The use of a moving cut-off for motile sperm count was introduced after the study was completed but uninfluenced by the findings: the results presented here are very similar indeed to those using the original case definition. Finally, our case definition did not consider sperm morphology which has been shown to be independently linked to the probability of conception (Guzick et al., 2001) or sperm DNA integrity which is of increasing interest (Pacey, 2010) which these are altered by the risk factors described here is worthy of further study. The study has identified few modifiable factors other than wearing loose underwear and avoiding exposures in certain manual jobs (Cherry et al., 2008) . It may be questioned whether another research design (such as collecting semen samples from random volunteers) with other outcome measures (perhaps the product of count and percent motility used as a transformed continuous variable) might have demonstrated small effects with significance at the population level more readily than the design adopted here. If the question of interest is however the couple's inability to conceive then small changes in MSC may be of very little significance. We know that time to conception is only adversely affected when MSC drops ,25 -30 × 10 6 per ml (Larsen et al., 2000) . The design adopted here is directly relevant to addressing modifiable lifestyle factors that might help couples facing a diagnosis of infertility. Whilst the message of 'no smoking, no alcohol and no street drugs' should be offered as good health advice, our study shows that common lifestyle choices, other than wearing tight underwear, make little contribution to MSC and that delaying assisted conception to make poorly evidenced changes to lifestyle is unlikely to enhance conception and may indeed be prejudicial in couples with little time to lose.
